STD-organisms Neisseria gonorrhoeae and Chlamydia trachomatis are documented as causative of acute salpingitis.2 In young women, up to 60% of cases are associated with a genital infection with one or both of these two organisms. ' Aetiological roles of sexually transmittable mycoplasmas-viz. M hominis and M genitalium-have also been discussed. In studies from the 1970s, M hominis was isolated "in pure culture" from the Fallopian tubes of women with salpingitis.4 Serological studies and animal experiments have supported a hypothetical role of both M hominis56 and M genitalium.7 However, later studies have not confirmed that M hominis can cause acute salpingitis by itself.2 Studies on M genitalium have met with difficulties because of the long term required for the isolation of the organism. Recent studies89 do not support an important role for this mycoplasmal species in the aetiology of urogenital infections. The use of genome amplification procedures may clarify the role-if any-of M genitalium in acute salpingitis.
In adult women, N gonorrhoeae and C trachomatis cause cervicitis and/or urethritis.1'0 " Cervicitis is usually self-limiting, although chlamydial cervicitis may last for months'2 ". In STD-associated salpingitis, cervicitis caused by the corresponding STD-organism is always present. Co-infections with N gonorrhoeae and C trachomatis are common. Experimentally, simultaneous infection with N gonorrhoeae enhances the replication of C trachomatis in cervical epithelia by 80-to 115-fold . '4 This suggests that endocytosis initiated by one organism (N gonorrhoeae) facilitates engulfment of a second organism (C trachomatis). It remains to be determined if microorganisms other than N gonorrhoeae (e.g. those of bacterial vaginosis '5) can elicit a similar response.
"Endogenous" organisms In women with acute PID, many facultative and anaerobic bacterial species have been isolated-alone, or together with STD-organisms-from abscess material and/or cul-de sac fluid. 2 16 This gave rise to the concept of "polymicrobial PID". '6 The concept was based on analyses of material most often obtained by culdocentesis or from transcervical endometrial cultures. From intra-pelvic specimens obtained transabdominally during laparoscopy, usually no more than one bacterial species can be recovered (W0lner-Hanssen et al, unpublished). The distribution of species in "polymicrobial" cul-de-sac isolates2 16 show a striking resemblance to that of vaginal organisms usually found in bacterial vaginosis (BV). ' In spite of the recovery of many microbial species from the upper genital tract in cases of PID, a survey of published studies reveals that no micro-organisms at all were recovered from the Fallopian tubes in 20-30% of the cases studied. In healthy women, a passive transport of spermatozoa as well as particulate matters and dyes from the vagina/cervix upwards into the pelvic cavity has been demonstrated postcoitally and at the time of ovulation.27 29 Bacteriospermia is not uncommon, and adherence of bacteria to spermatozoa has been documented experimentally.293' Spermatozoa with adhered micro-organisms are capable of migrating through cervical secretions." In two instances, spermatozoa with attached C trachomatis were identified in culde-sac fluid of women with salpingitis.'2 In experiments with eight pig-tailed macaques infected in the cervix with C trachomatis, five of whom were mated at the time of ovulation, a significant role of spermatozoa in the pathogenesis of salpingitis could not be proven." However, after direct inoculation of C trachomatis in the oviducts 4-6 months later and followed by hysterectomy, the numbers of plasma-cells in the ampullary portions of the oviducts tended to be higher in animals exposed to 49 In animal experiments, administration of oestradiol to ovariectomised guinea-pigs resulted in prolongation of a genital chlamydial infection and promoted its spread to the upper genital tract.50 Administration of mestranol/norethynodrel to guinea pigs enhanced the course of experimental genital infection with the agent of guinea pig inclusion conjunctivitis (GPIC), and ascending infection was seen in hormone-treated but not in untreated animals. 51 By contrast, administration of progesterone alone to guinea pigs experimentally infected with GPIC prevented acute endometritis. 5' In a series of ten promiscuous women at high risk of PID and using contraception with long acting injections of medroxy-progesterone acetate, acute salpingitis was not seen during a 2-3 year follow-up (Westr6m, unpubl.). Women using levonorgestrel-medicated intrauterine contraceptive devices (ICUDs) had a cumulative 36-month PIDrelated discontinuation rate of 05 as compared with 2-0 in women using coppermedicated ICUDs (p < 0013).53
The apparent protective effect of progestins against ascending infection has been explained inter alia by the luteal-type cervical mucus as well as by the low inactive endometrium induced by the hormones. However, observations that use of OCs to some extent protects against PID in women infected with C trachomatis but not in those with gonorrhoea4' argue against such a postulated "either/or" cervical barrier effect.
Menstruation Symptoms and signs of STDassociated acute salpingitis often start during or shortly after a menstrual bleeding.2534 Hypothetically, the cervical mucus barrier might not be effective during menstruation, leaving an open route into the endometrial cavity.
During menstruation, retrograde bleeding into the Fallopian tubes and pelvic cavity is common. 54 Retrograde menstrual blood flow would facilitate the spread of endometrial organisms into the Fallopian tubes.23455 Furthermore, the menstrual blood itself contains compounds that support micro-organisms (such as iron).
As indicated above, cycle-related hormonal influences might also explain the frequent development of salpingitis just after menstruation. The post-menstrual period of the cycle is estrogen dominated, and oestrogen stimulates chlamydial infection in human endometrial cells in vitro45 as well as experimental genital GPIC-infection in guinea-pigs.50
Bacterial vaginosis and iatrogenic factors. In non-gonococcal/non-chlamydial PID, a large number of different anaerobic and facultative species have been recovered from pelvic specimens. Isolates include inter alia streptococcus spp., Escherichia coli, bacteroides spp., peptococci, Haemophilus influenzae, and mycoplasmas.23 Although these bacterial species may occasionally be isolated from the vaginal secretion of healthy women, the ecological disturbances in the vagina seen in bacterial vaginosis (BV) cause significant numerical increases of potentially pathogenic species."' Women with BV might therefore be at increased risk of PID. This has been documented for women who douche,56 and in women subjected to legal abortions. 57 Women In gonorrhoea-associated salpingitis, the rates of isolation of the organism from Fallopian tube specimens have been inversely related to the duration of symptoms.13 16 105 A mucosal chlamydial infection elicits a humoral immune response with production of local and serum immunoglobulins of the IgA, IgG, and IgM classes." [106] [107] [108] [109] In prospectively followed women, specific serum antibodies of the IgG class were detectable up to six years after an episode of acute salpingitis.'09 In one experimental study on guinea pigs, serum derived antibody was found to provide a partial protection against reinfection."0 In experimental genital chlamydial infections in pig-tailed macaques,"' guineapigs,"2 and cynomolgus monkeys,"3 a protective immunity against repeated challenges could be demonstrated. However, the protective immunity against C trachomatis infections seems to be both shortlived and serotype specific. '14 In a study on CBA/nu mice, transfer of congenic cells or specific antibody did not eliminate the chlamydial infection,"' and Bcell deficient mice have been shown to resolve genital chlamydial infections as well as reinfections."6 These findings indicate that cellmediated immune mechanisms play an important role in the resolution of chlamydial infection.
There is cumulating evidence that the immunity acquired during chlamydial infections in some individuals might cause delayed hypersensitivity reactions during reinfections. This may be the cause of progressive scarring in ocular trachoma. In experimental studies, progressive conjunctival and tubal scarring has been observed after repeated inoculations with C trachomatis." 7 118 In cynomolgus monkeys a soluble extract of C trachomatis induced a marked inflammatory reaction when inoculated into the eyes of immune monkeys. 118 In one study on mice, repeated challenges with C trachomatis after experimentally induced salpingitis in the majority of animals caused a more severe inflammatory reaction than in control animals."9 In other studies using pig-tailed macaques, a single tubal inoculation after repeated cervical inoculations caused tubal oedema and peritubal adhesions." 120 By contrast, a single direct tubal inoculation with C trachomatis in animals not previously infected with the organism failed to cause any tubal scarring. 120 Recently, a chlamydial 57-kD protein belonging to the so called "heat-shock proteins" was identified and characterised. ' Tubo-ovarian abscess (TOA) Abscess-formation is a late manifestation of PID in a proportion of cases. In experimental studies in rats, it was shown that neither N gonorrhoeae nor C trachomatis alone produced abscesses.'2' However, when mixed with fac-ultative and anaerobic bacteria abscess formation followed. The functional impairment of the tubes caused by salpingitis may lead to infertility or increased risk of a tubal pregnancy. 43 The initiation and continuation of the tubal infection is a procedure that may take place in hours. The beginning of tubal scarring may be a matter of days. In follow-up studies of women who had one laparoscopically verified episode of acute salpingitis, those who delayed seeking care for more than two days after the onset of pain were three times more likely to experience post-salpingitis infertility or ectopic pregnancy than those who sought care promptly. '36 In experimental chlamydial salpingitis in mice, the ensuing infertility rate was inversely proportional to the time between inoculation and start of treatment with tetracyclines. '3' Notwithstanding the amount of information that we have on the pathogenesis of acute PID, our review shows that we are only at the beginning of a full understanding of its complex dynamics. Knowledge of the pathogenesis of acute salpingitis will help to prevent sequelae such as infertility and ectopic pregnancy. More studies are needed in order to reach that goal.
